We designed and synthesised a series of novel chalcones, incorporating the heterocyclic framework of 2,2-dimethyl-2,3-dihydro-4(1H)-quinolinone, which was prepared via Sonogashira coupling of a substituted orthoaniline under aqueous conditions using Pd catalysis followed by acid-mediated cyclisation. The compounds were screened against the NCI-N87 and DLD-1 cancer cell lines, with most compounds showing low micromolar cytotoxic activity.
Introduction
Tetrahydroquinolines and their derivatives have long been of interest to medicinal chemists and pharmacologists, and several examples of this broad class possess useful activity in clinic [1] . Both natural products and synthetic compounds have been various structural classes and analogues. A subset of the chalcone derivatives are hybridised systems, though incorporation of another heterocycle. Some of these compounds are depicted in Fig. 2 . Examples include the chromanochalcones, which have been utilised as intermediates both in the synthesis of natural products such as the parvisoflavones [9] , and synthetic analogues thereof, such as aurone and flavanone derivatives, through oxidation under microwave irradiation [10] . Chromanochalcones have also been employed in the preparation of antimicrobial pyrimidines [11] . Related spirochromanone-chalcones have been shown to possess antitubercular activity [12] . Some nitrogenated derivatives have been evaluated for anti-cancer activity. Chinthala et al prepared a series of chromanochalconetriazole derivatives and evaluated their anticancer activity on several cell lines [13] . The most promising example displayed anticancer activity across all cell lines tested, with IC 50 s ranging from 35 to 66 mM. Noting these results, and the observation that potential anti-cancer activity has also been demonstrated among thiophenyl, indolyl, quinolyl and quinoxaline hybridised examples [14] , we designed our target molecules, as to our knowledge, no 4-quinolinoyl analogues have been described to date. Our target compounds featured a 2,2-dimethyl substitution while remaining unsubstituted at C3. Of the diverse aromatic substitution patterns that may be envisaged on the parent skeleton, we focussed on those bearing a 6-substitution, inspired by their chromanochalcone analogues.
Results & discussion

Chemistry
Synthetic approaches towards the 4-quinolinone skeleton include the approach of Politanskaya [7] , who used a p-toluene sulfonic acid-catalyzed cyclocondensation reaction of o-alkynylanilines, in turn prepared by the PdCl 2 (PPh 3 ) 2 ecatalysed Sonogashira reaction of iodoanilines with 2-methylbut-3-yn-2-ol. Similarly, Pisansechi et al [15] used o-halo or o-trifloxy-N-acetylanilines in the coupling step and hydrochloric acid to induce cyclisation. Such reactions are believed to involve acidcatalyzed tandem Rupe rearrangement-Donnelly-Farrell ring closure. Alternatively, tertiary quinolinones may be accessed through a tandem Michael-S N Ar reaction [16] . A more indirect route via initial cyclization of N-(1,1-dimethylpropargyl) anilines, using cuprous chloride in refluxing toluene, yields 6-substituted-2,2-dimethyl-1,2-dihydroquinolines, which are further oxidised [17] . A similar approach from 2,2-dimethyl-1,2,3,4-tetrahydroquinolines using sequential Boc protection, BH 3 /H 2 O 2 mediated 4-hydroxylation and oxidation was discussed by Clarke [18] . An alternate method which generates carbamate derivatives of quinolinones features a Bi(OTf) 3 - catalyzed MeyereSchuster rearrangement of propargyl alcohols followed by 1,4-addition of the resulting vinyl ketone [19] . Our synthetic approach is shown in Fig. 3 , and was primarily based on the work of Polintaskaya and Pisaneschi, although using non-copper based Sonogashira coupling.
Commercial 4-acetylaniline (7) was regioselectively iodinated following a literature procedure [20] in good yield to afford (8) . The literature reports that the coupling reaction proceeds more smoothly with protection of the aniline nitrogen, so this was accomplished quantitatively using acetic anhydride under acid catalysis. The desired acetamide (9), a white crystalline solid, was subjected to Sonogashira coupling with 2-methylbut-3-yn-2-ol. Classical Sonogashira couplings employ catalytic palladium alongside a metal co-catalyst and a base, but are air-sensitive, and competing side reactions can be problematic. With increasing emphasis on 'green' approaches, we were interested in the work of B. Liang et al [21] , who published a mild protocol for copper-free Sonogashira coupling of aryl iodides with terminal acetylenes in water under aerobic conditions. The authors used 1 mol % PdCl 2 as catalyst, in the presence of pyrrolidine at room temperature or under gentle heating. A year later, Y. (ii) acetic anhydride, H 2 SO 4 , RT, 12 h; (iii) PdCl 2 (PPh) 3 (10) , also resulted in the formation of indole (11) .
Indeed, cyclization of 2-alkynylanilines is an oft-used approach to the synthesis of indoles, as typified by the work of Politanskaya et al [23] , who used KOH as optimal base to effect the cyclisation step, while PdCl 2 had no effect on substrates comparable to our butynol. In our hands, reaction of (9) with 2-methylbut-3-yn-2-ol using PdCl 2 and pyrrolidine in aqueous conditions obtained (10) , without any concomitant formation of undesired indole. Cyclisation of (10) was effected in 55% yield using HCl to afford the novel quinolinone (12) . Choice of acid for these cyclisations appears important; we also cyclised the benzylic alcohol and amine analogues of acetophenone (9); with the former, use of alcohol as co-solvent resulted in the isolation of methyl ethers, while with trifluoroacetic acid, reaction of the latter resulted in acidcatalysed rearrangement without ring formation. Monitoring of the cyclisation reaction was facilitated by the strongly fluorescent nature of the quinolinone (12) formed.
Indeed, an analogous approach was undertaken by Majumdar et al [24] , who used acid coupled with conventional or microwave heating in the cyclisation of tricyclic pyrano [3,2-f]quinolones intended as fluorophores in mammalian cell imaging.
Finally, Claisen-Schmidt condensation of (12) under basic conditions afforded the desired quinlinoylchalcones (13a-l).
Pharmacological activity
We screened selected compounds from our panel for cytotoxic activity against two cancer cell lines one gastric (NCI-N87) and one colorectal (DLD-1), and the results are listed in Table 1 . The unsubstituted compound (13a), although active against both cell lines, was more active against the N87 cell line. Introduction of electron donating or withdrawing groups was then investigated to probe the effect on activity.
With chlorine as an electron withdrawing group at position 3 (13b), activity in both cell lines was enhanced, particularly in the DLD-1 line. Similar activity was noted through fluorination at C4 (13e), perhaps reflecting enhanced lipophilicity of these derivatives, while introduction of either 4-hydroxy (13j) or methoxy (13c) substitution reduced activity in both cell lines. Indeed, lipophilicity of chalcones has been cited as an important parameter for observed Pgp inhibitory activity [25] . Multiple ring substitution with methoxy substituents was detrimental to activity, as noted by compound (13i). Interestingly, potent activity was noted with compound (13l), containing a 3-pyridyl system. Of note in this regard is the published results of Wen [26] , who prepared a series of 3 0 ,5 0 -diprenylated chalcones and noted marked activity within an analogous 3-pyridyl derivative.
Chalcones are generally considered to act as cytotoxic agents through one of three main pathways, namely as antioxidants, via direct cytotoxic effects or via induction of apoptosis. However, heterocyclic and fused chalcones may show other interesting mechanisms of action, as their structures may possess more than one pharmacophore. More studies are required to evaluate the potential of 2,2-dimethyl-2,3-dihydroquinolin-4(1H)-one based chalcones as cytotoxic agents and to establish their mechanism(s) of action.
Experimental
General
All required chemicals, solvents, and reagents were purchased from Sigma-Aldrich and were of reagent grade. Reaction progress was monitored on pre-coated thin layer chromatographic aluminum sheets (Silica Gel Merck 60 F 254 ), and TLC visualization was done using a UV lamp. Fourier transform infrared spectra were carried out with neat film coated samples on diamond using a Nicolet TM iS TM 10 FT-IR spectrophotometer (Thermo Fisher). Significant absorption peak (n max ) values are given in cm À1 . 1 H and 13 C NMR spectra were recorded on Bruker Avance 400 spectrometer at 400 MHz and 100 MHz, respectively, in CDCl 3 and CD 3 OD using tetramethylsilane (TMS) as the internal standard. Chemical shift values are given on the d (ppm) scale, with signals are described as follows:
dd (double doublet), t (triplet), q (quartet), br. (broad signal), m (multiplet), with coupling constants (J) expressed in Hz. Mass spectral analyses were recorded using a Waters LCT Premiere XE (ESI-TOF MS) instrument. All calculated exact mono isotopic mass distributions were calibrated against internal reference standards.
1-(4-amino-3-iodophenyl)ethan-1-one (8) To a solution of 4-acetylaniline (9.43 g, 69.8 mmol) in methanol (50 mL), was slowly added a solution of calcium carbonate (12.8 g, 128.3 mmol) in water (30 mL), followed by a solution of iodine monochloride (15.04 g, 92.6 mmol) in methanol (50 mL). The mixture was stirred at room temperature for 15 hours, diluted with ether (100 mL) and quenched with water (100 mL). The aqueous layer was extracted with ether (4 Â 100 mL) and the combined organic phases dried over anhydrous sodium sulfate. After filtration and removal of the solvent in vacuo, the iodinated product was obtained as a yellow crystalline solid (14.6 g, 80%) [26] . N-(4-acetyl-2-iodophenyl)acetamide (9) To a solution of (8) The mixture was washed with water, extracted with ether (2 Â 30 mL) and evaporated, and the residue was purified by flash column chromatography (hexane/ethyl acetate) to afford two products: [28] .
Alternative procedure for (10): To 0.35 g (1.35 mmol) of (9) were added water (5 mL), PdCl 2 (1 mol %) and pyrrolidine (0.83 mL, 10 mmol) under aerobic conditions. The resulting mixture was stirred at 50 C for 5 min. To this mixture was added 2-methylbut-3-yn-2-ol (0.18 mL, 1.8 mmol), and the reaction mixture was stirred at 50 C for 24 h. The reaction was then extracted with EtOAc (3 Â 10 mL), and the combined organic layers dried with anhydrous sodium sulfate.
The solvent was removed in vacuo, and the residue purified by flash chromatography to give (10) without formation of (11).
6-acetyl-2,2-dimethyl-2,3-dihydroquinolin-4(1H)-one (12) To a solution of (10) (0.90 g, 3.47 mmol) in methanol (2 mL) was added conc. HCl/H 2 O (1:1, to a final concentration of 0.1 M). The reaction was heated under reflux for 2 hours, after which it was extracted with EtOAc (3 Â 10 mL), and the combined organic layers dried with anhydrous sodium sulfate. The solvent was removed in vacuo, and the residue purified by flash chromatography to give (12), a fluorescent brown oil (0.42 g, 55% 
Synthesis of quinolinoylchalcones (13a-l)
6-cinnamoyl-2,2-dimethyl-2,3-dihydroquinolin-4(1H)-one (13a) To solution of (12) (81 mg, 0.37 mmol) and benzaldehyde (40 mg, 0.37 mmol) in 5 mL ethanol, KOH (1 pellet) was added, and the reaction mixture was stirred at room temperature for 48 h. After neutralization of the excessive KOH with 1 M dilute hydrochloric acid, the resulting mixture was extracted with ethyl acetate (2 Â 20 mL), and the organic phase was washed with brine and dried over MgSO 4 . After solvent evaporation, the crude residue was purified by flash chromatography to give (13a) as a yellow oil (50 mg, 44% eq.) in anhydrous DMF (15 mL) was added potassium tert-butoxide (0.682 g, 6.08 mmol, 3.60 eq.) at 0 C. The resulting reaction mixture was allowed to heat to room temperature. To the reaction was added a solution of (13c) (0.567 g, 1.69 mmol, 1 eq.) in DMF (5 mL). The reaction was allowed to proceed at 160 C for 1.5 hours.
The resulting mixture was partitioned between water (20 mL) and ethyl acetate (80 mL), the water layer was acidified with HCl (2 mL, 3 M). The organic layer was then washed with water (20 mL Â 6), dried over magnesium sulfate, filtered under gravity and concentrated under reduced pressure to yield a yellow crystalline solid. The crude sample was eluted from silica gel with an ethyl acetate/petroleum ether solution (0e50% ethyl acetate in petroleum ether). The desired fractions were concentrated to yield (13k) as a yellow crystalline solid (0.506 g, 93% 
Proliferation assay
1 Â 10 3 cells/well were seeded plates into flat-bottomed, 96-well plates and allowed to attach overnight. Compounds were made up in DMSO. Wells were treated in triplicate with serial dilutions of drug in a final volume of 200 mL. Drug-free controls were included in each assay. Drugs were added to the plates at specific concentrations and incubated at 37 C. Plates were incubated for a further 5 days at 37 C in a humidified atmosphere with 5% CO 2 and cell viability was determined using an acid phosphatase assay as previously described [29] . The IC 50 was determined from the regression of a plot of the logarithm of the concentration versus percent inhibition at the time point of 120 hours using GraphPad Prism (GraphPad Software, California, United States).
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